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W i&H * 

r a c ^ >'/<?M<nmft®'<7femMRvz:<Dx? v --is? urn 

wiitfc5HMG-c o AS7gmiMHa>e>stffts i«xr*2«£i±«>»Ett* J R a c * 
^ < f*>f y ^ y K*riMfi«w» <t«9$f*b<f*-r y^uy-r k^m^jo i 

§HMG-C o A38l7nlPaiia*3?M*»feaHrixS l«Xtt2««±<Z5^A»b/j:SR a c 9^*9% 

n a (omtR^m^-r sg^v^ij mmnmm s g * >v< * iwt 

^SG^>'^ o j5'K^^gbtbXV^S(^IS^2003- > 21: 137-145) 0 w<&P^ teSH^SG^W^K 
tt^fifl* 2 3 J5-W7=>-=- y hMM%i>tct£i^^;*?WX\ 0 0 «£A±#^ $ 

*VO^#\ Ras, Rho, Rab, Ar f StfR a n«IOO^-7r 5 J-fc»ttb*l5 
(Physiol Rev 200l;8i:i53-208) o &ft*G& J"<**W>f VfU-MtlZ- <t 9 IMMSfclMfU GT 
P (on) /GDPg^S (off) i LTi&II&rtS'^/^&fcW^LXV^. Rho7r 

^asacowitti-Ba^-rSo Rho7 7 ? y-«Rho, Ra c , ca c 4 24^775 u-k 

i$?4T) <D, Cdc4 2(«i (7^a^7) *HJ&&*K: J: 9<M 

A^ftS^^^K-e, Rhoi«iElL,*:«3iS**brv^Sds, Rho T^^v 
*BJia#»S:««b-rv>5. Rac^/W JNK/p38^NF-itBtfittftt5: 

— # HMG - CoA ( 3 - fc F n* * 3 - y- !> ^~ C o A) jfcfiftf R&WSIW:, 

#W"3fiB!5a>&SJW"Cfc9 s iftsiu^^a— ^jfiUSf&aE^Wfc U"Cft)bt«/"CV^5. HMG-C o ASte 

fi ; ffl/5 s llll J 3 : L-"ti' >i 5 ^- 1 AS^§iTi"C$"CV'*So HMG — C o AjSTc^^Ri-^j^Jf*^ u-^ra-z^D^ 
ft»»«raiS-r btb5 0 HMG -Co A«5c»*ia«WttJiL«*"T?tt:^ffiK*S4r^ LibM 

feO^jfltttRh o t7*7T 5 Rho, Ra c, Cd c 4 20g§J^ 

pdgf hpytx xyKtyy, p^=« hy*vB4J&4f©^^/i^s*^BB*u n 
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Physiol CeU Physiol 2003;285:0723-734) 0 £fc:, C d c 4 2 fCO^T t>, Mft^Wiaotf 5£&t>* 
'< V 7—%$M&(DWtfik (J Biol Chem. 2002;277:4003-9, CircRes 2004;94:159-166), Kir V > 

(D^-TvMsitO Biol Chem. 2003;278:29890-900)|£i»-£ bTV^ ~ t btbTTV^5 0 

u-rsmzmt^ f^&fc&te&j h^^il-i, mcp-io3§3i ^1= 

]} V<£>f§5i£MJ£:<t, P A I - 1 Sr WISH'S r. t & Jlfcfci Lttfc (J Atheroscler Thromb, 

2002;9:i78-183) o JEKl^Pj^ h mBMM$t<&ife$k, K^l^ttRa ciCd c 4 2^ Rho 
t V HMG -Co Amj^mWmmWW^ VzfUJ't =^^7 

tt*tb5 1 mxfe 2 am _t£>im ^bo^y^vy-r K^/£M#h <fc <o « b < t±>r y ~f ^ y 

i^y-f K-^fig pa#^J -R.t>* y 7 - ^ ^" 7 ~^%£&wm$BMM (om-t^m titi 5iix»2iK±©i 
/ uy7~sum®mm$BmM<z>Mfr i bmiiifrz> iixii2t«i©isj©R a c ^>'^y|€cD;t£[*]^ 
£fc, Ra c # W^^^^it^J^r^^ii'Slfa-^^^ Ra 

^fH^-f^o IP*>> #3&38tt, Ra c^^^S^rt^^fT^jl^JWJfiLW^^J^Mat^fc*^ 
•figffl #.T>7&^ • Wi:^4tail©R act? v/^^M^^rt^^Mii^J^ifiLWPf S<^f 55 • 

int§!ffli^f)i*5 im?u*2m&>±(DwmL &s b< j*^ yyvy ^ b-^ammm. a d 

*au, <t t> # * b < y ^ ^ s * KMPa^pJ© i 2>hmg —Co aS5g#38HMMM*> & » 

&&mm.mM<DmfrtDm&tiz> imxK2m&.±<z>mffl. »* b< f*^ y^y -f ki^pim, «t 
5 b < raw y y° is y -f K-fr*HHWW© i nxh s hmg -co Aa5c»ifiia#*u*» e>»«tts 
i 2 a^iojaews:^ Lt^sRac? ^^fr©«rt^o^ffiJi^ojfcffii^iW«)«i 

mmmmmn<»Mfr k ji^tts 1 my*\-$ 2mu±<DW?k b < iiHM& -co AJiTn^^pa^ 

^ y --^^^M^-r S„ X 9 l¥H^f*% R a c ? w«^St«r3S3ab-CV'»5#watcSaft«jK** 
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SJsfln Lfc # 0>1S3teWfRS&-e»3fc Life i * WT?fc So 

IH3{i GFPtRa c Oiil^^>^^K&='--K-rSM^^^Abfc«{Ct 0 ; 5'^^^^^^ 

SStaU 4feKi*ete66*^^ H (Hoechst) L*J«Wlti«Ut*0 

HUVECCMSRa c * ^<^K©JWttSra^ Ufc. *:©fc&}C> Rac b&ft* 2"<*ft"C*>* 
GFProi^^y/^ffn-KtSi^^HUVEC^iAU G F P-R a cife^W?^^ 

£<0*M&&*£*U ^&8^Utlfe© Rac ^>^^Mco^W«i^GFPld«J:SM 

^^^^^Sr«S*PUfc«©«3te*«§Rl-fcil***Bl2 t LTiiB t^^5^T?/Tt. G F P ia 5 

(Hoechst) (Lydon M., et al., J. Cell Physiol., 102,175-181 (1980); Sriram M., et al., 
Biochemistry, 31,11823-11834 (1992)) TfSfc6L*:tt*«rH 3 t LTii^fc^fK^t, H 3 

m-s-t 5myt&mx~&<9, d n a <owm<o a t mn t-^-^-r s % © -c * s . 

jkWP^MfflBa^t'^^^^^^^®i"S^> GFP-Ra cj&S^fefefe^** 
±Sffe6l^fclBMfc«K:*MU Ra c fi"<*1t&mz&tTl>1tz. k&7n£fr1t, mh, HMG- 

c o Aa5E»*ia»3ari,iwjiartoR a c * ^<?n*mz&ft£^z>ftm*ft^x^2> - * * sj w? 

So 

■fcZmvM y W >f K*J*IB#?M t Lttt, HMG -Co A-fr^E«5*RaM(Proc Natl Acad Sci 
USA 1987;84:7488-92), HMG - C o AljcRIRti. 7-f^-H»OAMPK Stf-fbiM 
(BiochemSocTrans.l997;25:S676),N^t^*^*^- hf©7 7M^t'P y ^M-jftM 
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R&^JOBiochem Biophys Res Commun 1999;264:108-111)& b*&mf b*b£o XftmcO?? 
=.;Utf7=.jU$K&ffi^p&Mftib LTf*, 'JktiKDXM (#Jx.{*\ Biochemical Pharmacology 2000; 

60:1061-1068) ^KiB«S£*Lfc<i)©fc iftf^f fetus. cat&otfSilMaJf*, r.tufeo#*ro?s& 

/**m<o&fo~>v>®ftfe&ftik una* j kmrmmu ^hmg-co a»tc^^pi 

py^^fy (<b#£i : (+) - (IS, 3R, 7 S, 8 S, 8 a R) - 1, 2, 3, 7, 8, 8 
a _^-y- t 3, 7-^^^W-8- [2~ [(2R, 4R) -th?fc 

c / _6-^y-2H-lf7y- 2-^f/u] - l—i-y^-^ (S) -2.~*f-)V-7=f-\s— 

h 0KB#fF3S4, 2 3 1, 9 3 8f«); 

" (IS, 3R, 7 S, 8 S, 8 a R) - 1, 2, 3, 7, 8, 
8a-^ttKo-3, 7-v^5=vU-8- [2- [(2R, 4 R) — T Y 7 t Ko - 4 - fc Ka 
df^-6-^y-2H-^7^-2 — r^3*fM-l-t7f^ 2, 2 -S** f=vU7** / = 

- h (#S«l#fflF$&4, 4 4 4, 7 8 4f#D); 

y^^fV ttb^£ : ( + ) - (3R, 5R) -3, 5 -i't Ko^'>- 7 - [(IS, 2S, 
6S, 8S, 8aR) -6-h [(S) - 2 f-Ar-ff- V fr**^! 

-1, 2, 6, 7, 8, 8a-^ttKa-l-t7f/V] — 7^ Vg? (*H#fF0 4 , 3 4 6, 
2 2 7 ; 

7/W<Xf"?ls (ft*S:(3RS, 5SR, 6 E) -7- [3- (4-7^p7s^1/) -1 

- (1 - * f-frsc-f-M - 1H — f^F— A— 2 — f/Kl -3, 5-^tKP^-6— «7*fyi 
(#B*m»5, 3 5 4, 7 7 2-P§-#Ji)) ; 

7h/W^^fy (<fb^£:(3R, 5R) -7- [2- ( 4 - 7 a^/U) -5-^y7° 

o t » ;V _ 3 _ 73 . 4 - 7x-;^;w<^;V- 1 H- t°n;V- 1 ^] - 3 , Kc 

*i/^Zf*Vm VmWtt&S, 2 7 3, 9 9 5-§-#RB,)) ; 

-fey^*?^ (fl^£i : (3R, 5 S) -aiy^a- (E) -7- [4- (4-7yV^-a7^^ 
/V) -2, 6-^y7'R^l'-5-^ — f^] -3, 5-v?fcKP=¥ 
6 -^7^ >@£ (^H^fFfH 5 , 1 7 7, 08 0 %&W) ) ; 

(it^ : (+) - (1 S, 3R, 7S, 8S, 8 a R) -1, 2, 3, 7, 8, 8 
a -^y-t KP-7-y^-8- [2- C(2R, 4 R) -rh5fc Kn-4-t Ko^-y-e 
-^y-2H-tf7^- 2->T/V] -1— (S) - 2 - ^ 9vV7*^ h (^ 

H^fFfgS, 9 8 3, 1 4 0-g-ti)) ; 

n;*-***^!' tfb^£ : 7- [4- (4-7^*n7x=^) - 6 — -T V tf Jis— 2 - (N- 
^ f ;U -N-y ^ yx;I/*^U7 5 y t° y 5 - (3R, 5S) -ytKp^>- 

(E) (*I#fFl5, 2 6 0, 4 4 0*s B#H«M?lFfS2. 6 4 8, 8 9 7f# 

BB)) ; 

^9*^9^ ((3R, 5S, 6E) -7- [ 2 P 7°P 4 - (4-7>to7i = 

;V )_3_^yjj;V]_ 3| KB^fV-6-'s7'fyS!! OfclP&fFlg 5 , 8 5 6, 3 3 6f, 

0^ili|#fF^2, 5 6 9, 7 4 6##RB)) ; 

*55M fc*5 »t 6 » * UV ^HMG - C o A3l7C^Pl#^J fcLTtt^^^f ^^7^*f ^, 

^5~<* i?y^**?->\ rh/wu^fy, bf^^^^^-^xtto^ 

^{f htlZo £ U>HMG-Co A3S7C^Pl^Jt LTte, b*b5o 
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fift (GFP) miia®[A : *—i?^?X~mfofo&M&'»i$LikirZ>. 11=^2 5 
5 : 2002^91) £13 Cfe k-tZ>%;?t? W^fB F P, C F PMY F P ft if ©fW^flf h 

izwrn sf£ £a>e>fc oMf&M <o g^ia^ & mf &„ 
Kwtmzn&mBM, mm?k mmnu ^m^nu mrnm, &mm, mm. <%&m, m 

HMG-Co AJStc^PJ.*^)^ 5 t>, ^ni£#»i£Lv\> 

#/B9«W<0WMfcfcfco-Ctt, *3»*»«>aSf3ettSr#*l--CpH*r1W« (#1^2-6 4 0 6f,B 
#®#ffF!f?2, 7 7 4, 0 3 7f, WO9 7/2 3 2 0 0^ o Jlfrfe©^*** LT#WlMFfc 

^m^-c y^w-f KMPiiM^7 =/^7 ^ bt> - bo. oi~ 

1 0 00mg,#lu0. l~100mg%, 1 isixw:f8fcia^ifc«pa4-xi4*»p«;^i-s«>* s 



**** 1 . ±* 

GFPit^Sr-a-^L-TVNS^^^S: KpEGFP-Clt-Rac lOlsRl^Ii^^- 
K-rsa^Sr^AL-CGFP-Ra c*^^tt§7'7^5 K£#I^Ufc 0 

HU V E cmm* 6 V^/WZf U— h KM Lfc^L 1 «EGM- 2 bfc 0 n ©flllfii^ 
(Fugene6) SrJBlvC 1 *3iyH3;/fc») 0. 8^ g ^MIS-eMbfci^^X 5 KilftDNA 
&»Lfc„ 2 lR*MEGM-2#tt-«**Ufc«L G F P Kl* ««*«r**WW»T?W(B bfc^ 
SrlH l {c^i" 0 ^ 
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2 . a v-?\s;<< Y&tfmMn-fr, hmg— c o K&timmsmn. hmg-c o AaiTc^paMx 
ampk mmtmxity r >\>%*s>\<^* v ^m^mmMxh^m^mmm 1 m^mrnvR a c * 

3. HMG-C oA31tE^H.#^Jj5S n t^^^^^VT'foSfiS^OfSa^ 2 ^|2itOR a 

5 . y 7 s u y >f ki^jwm^ hmg-c o A&fmmmmm, hmg -co A3S7uH^pa«^j. 

AMPK mmtmx l±7r /M< * y >-gg^^^Jt?fo5M*»OT^ 4 flcEi©R a c * 
Rro^^fr^ii^J t VX <D^m a 

6. HMG - C o Al7ciiPIfiz)\ tf^^^^^V-e&5ft*^f£ia^5 3S^|E^C0Ra c^>- 

8.jyy°u/j F&j&m^Mtf. hmg -co A&mmmvmm, hmg -co Am^mmmmM, 
9 hmg-c oAMTcmmmmM^, \?#;<x?^x&&m&<nmmmsmzmm<Djjm 0 

1 0. Ra c*V^SC©1£l^<Z>W^^ 

1 1. Ra c$i/j*?%<n>&n^<DWK\wmm, 4 vy"\sS4 Y^immnw^y -^^y 

1 2. Ra c ?^;<y%<Dm^V>WKmgMft. HMG-CoA^«PIS^k HMG-C o A 

mymmsMftu ampk mmtrnx^yy^^y^^ v >-m&f&wmfflfrbmitti?> mxi$2 
msx±.<DMMx*ibz>sii&<£>m.mm 1 0 ^.Kmm<DmMU^ 0 

1 3. R a c ^ >-s<7W<&mS k l^<n&?tiB:&MVK HMG-C o Ait^®NiPS.§#J;^5t{W5 1 31 

x& 2mu±(omMx$>z>m &<Dmm%i i o m^m^mMm^c 

14. HMG-C o A"M5vmmmmmt>K fc°*^**^VT*fc5it*©$&iafgl 3JSU£fBiBt<D|g». 

1 5° Ra c ^>y<yn<Dm^(owifimM<D5km^mM(om^(DM(Dmmo 

1 6. Ra c#^/<7^(nmft^<owufcmm&. -iy-?^;* \*&mmmRVy*y =->\>?y 

17. Ra cf>-^yn<V&ft^ (D&fti&mMtK HMG-C o A-^J&glfif PlS^k HMG — C o A 

MTmmmgM, ampk mmmix^yy^^^o y ^m&j&mmmfrnm&tiz imx&2 

18. Rac^ %<om^ (DWfflBMMfc, HMG-C o AM5n@#fiiPB.^J:a>bjS{*ft>3 1 9. 

x&2mu±ommxibz>m ^mmm 1 5m\^m^m 0 

20. hmg-c o AmTtmmmmffltK \??'<*??-^xtbz>m-&<Dmmmi s-mz.wm(o^.m 0 

2 1 . t&m. - ^i-fiioR a c ^ mfDm^^ni&MM^sk^Mm^m • 

2 2. r a c #^s*yw<Dm\H^(D®ffl8:mmK yy°fs^ v&mmmw'fy-^'fy-^ 
%mwmvm : mcoMfrtbm\zfoz> 1 mxfe2m&±<Dmmx&z>m&<Dmmm 2 1 ^ie^o;^ 

2 3 R a c?l/s<?%<Dmfo^<DWfri&W&-hK HMG-CoAMI»J^ HMG-C o A 
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2 4. R a c ? m<0&tl^<DWftffiMn&, HMG- C o A«^l**Pfi*&ia»e>Jl»*ft3 1® 

2 5. HMG-Co A»7GB**B&#aia s * ^ ^ VCfcSffl#©«Sfflf& 2 4 lg(c:|B^0^ 0 

2 6. Ra c&>'*?m<oi&ift'^<Dmt$:®mirz>z. k&mmt-rzfo.'gfemftiox? v~~>?* 

2 7. Ra c^V/^i^MfC^5MuliW«U Ra c * «©gEI*j~0>#*? 
& jftd^i" 5 - £ fe * 3 Mte^J co^^ y-~^ fjjm 

2 8. Ra c ^>-^^w<Dm^(Dmn^w\^^<Dmm^x^h(D^h^m^<Dmm^2 6xt± 
2 7i&\£ie&<Dx# y — 

2 9. Rac^y^I*ifef*IS (gfp) xti-^oMKSdtwJ: Wfltsr i: 
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HMG-CoA^fUM HMG-CoAljciiPIt»Js AMPK Sttftfck 

ai^jros^ tii^s i txii 2 i^±«ii, * t < ttHMG —Co AM5iMmmmm*bm 

M.mi'frhWfo'Q , BP^, #3§W*> HMG-C o A-g-fiSc^PlTO, HMG-Co AilTC^RE 

$3<k ampk fgtt-mau, 77^^t'c y >-^^^j^^-c y^/w K^ia^js.t>*y 
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